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Abstract 
The Incremental Queue Accumulation (IQA) method is the new delay estimation method for signalized intersections adopted for 
the Highway Capacity Manual 2010. Using a signalized intersection and a remote data collection facility, the IQA method was 
evaluated for its accuracy and for potential challenges that practitioners may encounter as they use the new method. The results
were compared with delays obtained by the delay estimation models included in the Highway Capacity Manual 2000. It was 
found that the IQA method was promising and theoretically more robust than the current delay estimation model, but field data 
collection could be challenging.  
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Determining the level of service (LOS) of an intersection is of utmost importance to traffic engineers. When intersections 
experience high LOS, traffic engineers receive less criticism from the public. Additionally, a high LOS at a signalized 
intersection in a city signifies well-flowing traffic network, which indicates and promotes the economic well-being and the 
growth of that city. The LOS of a signalized intersection is estimated based on the value of the intersection delay. Several 
methods of estimating delays at signalized intersections exist.  
The control delay estimation model in the Highway Capacity Manual, or HCM 2000 (TRB, 2000), has three terms in its delay 
equation: uniform delay, random arrival delay, and delay caused by an initial queue. The first term, the uniform delay, has the
potential for error. Calculating the uniform delay has been based on the assumption that the queue accumulation diagram would 
always be a triangle, which means that during a signal cycle, there is only one green phase and one red phase, one constant 
arrival flow rate and one constant departure flow rate. Although this assumption is correct for some basic cases, there are many
cases that do not fit these specifications, resulting in errors in delay estimation that need to be resolved. As of now, the cases that 
do not conform are adjusted to fit into the triangle assumption, which increases the chance for various errors. Research to develop 
a better method has led to the development of the Incremental Queue Accumulation (IQA) delay estimation method. 
The IQA delay estimation method is a new development. Hence, there is a need to evaluate it and compare its performance 
with the current HCM 2000 delay method. The comparison should clarify the benefits of the new method. It is also a worthwhile 
effort to evaluate the amount of time and manpower resources required for data collection by the new method and its results 
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against the resource requirements by the current method and its results. The result of a comparative study will help traffic 
engineers weigh the advantages of the new method over the current method. 
The objective of this paper is to present the results of a study that compares delays determined by both the HCM 2000 and the 
IQA models, together with the HCM 2000 field measurement of control delay and the IQA field delay measurement, and to 
assess any advantages and challenges the IQA method might have over the HCM 2000 method.  
2. HCM2000 method VS. IQA method 
This section briefly summarizes delay modeling by the HCM 2000 and IQA methods. Each method consists of two 
procedures: model and field measurement. First, the HCM 2000 delay model is briefly discussed, followed by the IQA model. 
Then, field measurement procedures of each method are discussed. Details of other delay estimation methods are not discussed in
this paper due to space constraints but can be found in Keita (2010).  
2.1. HCM2000 delay model 
The HCM 2000 delay model is the latest version of HCM delay model available. It is not considerably different 
from the 1997 version. The HCM 2000 delay model has three terms in the delay equations: uniform delay (d1), 
random arrival delay (d2), and initial queue delay (d3). As in the two preceding HCMs, the progression factor for the 
delay model is applied only to the uniform term; however, new to the 2000 model is the application of another 
progression factor (PF2) that determines back of queue for estimating initial queue delay (d3).  
The limitations of the HCM 1985-2000 delay models are related mainly to the first term of the model, or uniform 
delay term (TRB, 2000; TRB, 1985; TRB, 1994; TRB, 1997). This is because the calculation of uniform delay 
involves finding the area of the accumulation queue diagram, an area that researchers have assumed in the past to be 
a triangle, specifically in the HCM 1985-2000 delay models. For this to be true, the researcher must assume three 
things: (1) there exists a unique triangle with only one red interval and one green  interval; (2) the uniform arrival 
rate is represented by a single straight line on the leading edge of the queue accumulation diagram for the duration 
of the red light interval; and (3) the difference between the uniform arrival rate and uniform saturation flow rate of 
departure is demonstrated by a single straight line on the falling edge of the queue accumulation diagram for the 
green light interval (Strong, Rouphail, & Courage, 2005). Given that data do not always meet these assumptions, the 
delay models need to be adjusted to make the data fit the equation. Figure 1 shows the queue accumulation diagram 
as a triangle, where v is average arrival flow rate, r is effective red, g is effective green, and s is saturation flow rate. 
More specifically, the Y axis represents the number of vehicles and the X-axis represents the time in Figure 1.For 
detailed discussions of complex cases, such as permitted left-turn and protected-permitted left-turn cases, refer to the 
HCM 2000 (TRB, 2000). 
Figure 1. Triangle shape of the queue accumulation and discharge function (TRB, 2007). 
2.2. IQA delay model 
Delay diagrams of the IQA delay model are shown in Figure 2 (TRB, 2007). In that figure, the Y-axis represents 
the number of vehicles and the X-axis represents the time. To determine the area of each trapezoid, as shown in 
Figure 2, at first the queue at the beginning of the interval must be determined; it is, in turn, used to calculate the 
queue at the end of the interval. The queue at the start of the interval corresponds to the queue at the end of the 
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previous one. If there is no previous interval, the queue at the start is zero. The formula to calculate the queue at the 
end of the interval is presented in Equation 1 (TRB, 2007). 
Figure 2. Trapezoid shape of the queue accumulation and discharge function (TRB, 2007). 
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where: q2 = queue at the end of the interval (veh) 
q1 = queue at the start of the interval (veh) 
v = average arrival rate during the interval (veh/hr)  
s = average saturation flow rate during the interval (veh/hr) 
¨t = length of the interval (sec) 
 
After finding all the information necessary to calculate q2, the area of the trapezoid is calculated to find the uniform 
delay for that specific constant interval.  
In general, the IQA model requires identifying points in the cycle where the arrival and departure rates change. 
Points where the departure rates change can be at the start or end of effective green, the movement of sneakers into 
the intersection, the variation in saturation flow rate, the reduction of the subject queue size, the decrease of the 
opposing queue, etc. Other points where the arrival rate changes can be the points where the platoon arrival 
condition changes (TRB, 2007). In other words, the IQA model involves tabulating values for the following 12 
parameters for each interval (Strong & Rouphail, 2005): 
1. interval number 
2. length of interval, ¨t (sec) 
3. constant arrival rate during interval, v (veh/hr) 
4. constant saturation flow rate during interval, s (veh/hr) 
5. capacity of interval, c (veh/hr) 
6. undersaturated arrival rate during interval, v’ (veh/hr) 
7. queue at start of interval, q1 (veh) 
8. number of vehicles arriving during interval, na= v’/ 3600 x ¨t (veh) 
9. number of vehicles departing during interval, nd= s/ 3600 x ¨t  q1+ na (veh) 
10. queue at end of interval, q2 (veh) 
11. incremental delay during the interval, di (veh-sec) 
12. maximum back of queue for the interval, Qi (veh), Qi=Qi-1 + na
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After performing the calculations for all the intervals, the sum of all the partial or incremental delays is obtained 
and divided by the number of arrivals to get the average uniform delay per vehicle.  The delay computation process 
is demonstrated in Table 1 using the data for cycle 1, southbound right-turn lane of video 1. 
2.3. HCM2000 field delay measurement 
The HCM 2000 field delay analysis measures control delay in the field, and is described in Appendix I of 
Chapter 16 in HCM 2000. It is implemented using a field data collection sheet (TRB, 2000). Since control delay is 
defined as time-in-queue delay added to the lost time due to deceleration from and acceleration to ambient speed, 
the HCM 2000 field delay estimation procedure requires the researcher to count the number of vehicles in the queue 
during a certain number of fixed intervals, usually 15 to 20 second. 
2.4. IQA field delay analysis 
The IQA field delay analysis tracks individual vehicles passing through the intersection for a defined analysis 
period, usually 15 minutes.  Unlike the HCM 2000 field delay analysis (where all the lanes of one approach are 
typically studied together), the IQA field delay analysis is always done lane by lane and cycle by cycle; to find the 
delay for the entire approach, the weighted average of delays of all the lanes in the approach is calculated.  
In this study, the northbound, second left-turn lane from the centerline of the road in video 1 is used to 
demonstrate the delay estimation procedure of the third cycle. The same process is repeated for each cycle and each 
lane.  A line perpendicular to the road under study, parallel to conflicting traffic, and down the street from the stop 
bar, was chosen as the line beyond which a vehicle exited the intersection. Frame numbers are recorded for the time 
a vehicle stopped at the intersection or joined the queue (arrival), and then for the time the same vehicle crossed the 
reference line (departure). When the vehicle did not stop at the intersection, the frame numbers of when the vehicle 
got to the reference line and when the vehicle passed the reference line were recorded, indicating zero delay. When 
two or more vehicles came one after another and all stopped—that is, if multiple vehicles joined the existing 
queue—the researchers recorded both the arrival frame and the departure frame, as demonstrated in Table 2.  
All of the frame numbers were then converted to seconds according to a rate of 30 frames per second of film; the 
arrival and departure status are specified in column 3 of Table 2 meaning that column 3 of Table 2 indicates if a 
vehicle has arrived or departed. The time differences between adjacent arrivals and departures are shown in column 
4. Column 5 indicates that one vehicle came in, and column 6 indicates that one vehicle went out. Column 7 shows 
the number of vehicles in the queue, and column 8 shows the incremental delay, which was calculated by 
multiplying the time difference between adjacent events and the incremental queue. The total delay was found by 
adding all of the incremental delays in column 8. The average delay for that cycle was calculated by dividing the 
total delay time by the total number of vehicles that entered the intersection. 
3. Study site and approach selection 
To compare the HCM 2000 and IQA methods, it is necessary that traffic volume and signal timing data of all 
approaches of an intersection be collected simultaneously because HCS+ software is used to calculate delay by the 
HCM 2000 model. All approaches must be seen and video-recorded simultaneously. In order to make this happen, 
the remote data collection facility available at the BYU Transportation Lab was used.  
After examining several intersections that would possibly meet the requirements of the BYU Transportation Lab 
for remote data collection, the intersection at University Parkway and Main Street in Orem, Utah, was selected. This 
intersection was chosen because a field video data collection trailer could be parked in a parking lot at a corner of 
the intersection for supplemental traffic data collection, and the four approaches to the intersection were 
simultaneously visible from a monitor in the lab, where the images were digitally recorded for data reduction. Two 
video recordings—one recorded in the field by the data collection trailer and the other recorded in the BYU 
Transportation Lab—were made to supplement the other’s data. The only significant problem with this site was that 
the signal timing information did not show the yellow interval in the monitor in the Transportation Lab; 
consequently, the yellow interval data had to be obtained separately.  
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Table 1. IQA Model calculation for cycle 1 southbound right-turn lane of video 1
Parameters:     
Yellow interval for movement, y (s) 3.5       
All red interval for movement , ar (s) 1.5       
Extension of effective green, e (s) 4       
Start up lost time, l1 (s) 2       
Sum of yellow and all red, Y, (s) 5       
Clearance lost time, l2 (s) 1       
Total lost time for movement (s) 3       
Actual green time, G (s) 10.0       
Effective green time, g (s) 12.0       
Effective red time, r (s) 92.5       
Cycle 1         
# of vehicles in the cycle 1       
Volume, V (vph) 34.4       
Saturation flow rate, S (vph) 1800       
Cycle, C  (sec) 104.5       
Effective green, g (sec) 12.0       
# of lanes, n  1       
Arrival type, AT  3       
Rp= 1       
P= Rpxg/C= 0.1       
Vg 34.4       
Vr 34.4       
Initial Interval Analysis:         
Interval # 1 2     
Interval description red green     
¨t (sec) 92.5 12.0     
v (vph) 34.4 34.4     
s (vph) 0 1800     
c (vph) 0 207.2 X= 0.2 
v' (vph) 34.4 34.4     
v (vpsec) 0.01       
s(vpsec) 0.5       
tc 1.8       
IQA Computations:         
Interval # 1 2     
Interval description red Block Unblocked Total 
¨t' (sec) 92.5 1.8 10.2 104.5 
q1 (veh) 0 0.9 0   
na (veh) 0.9 0 0.1 1 
nd (veh) 0 0.9 0.1 1 
q2 (veh) 0.9 0 0   
di (veh-sec) 40.9 0.8 0 41.7 
d1= 41.7 sec/veh   
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Table 2. IQA Field delay computations (cycle 3, 2nd left turn of NB, video 1)
Frame 
Numbers 
(1) 
Clock 
Time 
(sec) (2) 
Arrival or 
Departure (3) 
Time 
(Sec) (4) 
# of 
Vehicles
In (5) 
# of 
Vehicles
Out (6) 
Incremental 
Queue 
(IQA) (7) 
Incremental 
Delay 
(8)=(4)x(7) 
6497 216.6 Arrival 31.5 1   1 31.5 
7442 248.1 Arrival 6.7 1   2 13.3 
7642 254.7 Arrival 6.7 1   3 20 
7842 261.4 Arrival 42.2 1   4 168.7 
9107 303.6 Departure 6.2   1 3 18.7 
9294 309.8 Departure 4.1   1 2 8.3 
9418 313.9 Departure 1.0   1 1 1 
9448 314.9 Departure     1 0 0 
Vehicle-
seconds      261.5 
Vehicles      4 
Average 
delay 
(sec/veh)      65.4 
To obtain the length of the yellow intervals for the chosen intersection, Orem traffic engineers were contacted. 
They provided a Synchro file containing the signal timing data of all signalized intersections on University Parkway 
within the City of Orem, which contained the lengths of the yellow intervals. This file indicated that the yellow 
intervals were 4.5 seconds for through movements and 3.5 seconds for turning movements for University Parkway 
approaches; and 4 seconds for turning movements and 3.5 seconds for turning movements for Main Street 
approaches. The yellow intervals were checked in the field and were found to be similar to the ones found in the 
Synchro file. To address the difficulty of coordinating the two video data sources and to yield more accurate results, 
the approaches of University Parkway were excluded from the analysis because the tail ends of queues on 
University Parkway were not visible and only the two approaches on Main Street (northbound and southbound 
traffic) were evaluated because the ends of queues in the Main Street approach were always visible during the data 
collection period in the main monitor in the Transportation Lab. 
4. Data collection and reduction 
To collect data from the lab, the computer was set up to record the video of the intersection being analyzed 
(University Parkway and Main Street). Pictures of the lab monitors are shown in Figure 3. Two hours before the 
field survey, at exactly 9:00 AM, the video recording was started and was first recorded on the hard drive (HDD) of 
the video recorder. Recording started earlier than originally planned because it was necessary to transport and set up 
the trailer before 11:00 AM. The video was recorded for six hours, from 9:00 AM to 3:00 PM, and all the approaches 
of the intersection were visible.  
The recorded video was divided into 15-minute segments to create eight segments, each as a chapter. Following 
the division, the videos were transferred from the HDD to DVD files. The DVD files were then converted to AVI 
files so they could be analyzed using DelayAnnotator software developed by Saito et al. (2008), which allows a 
frame-by-frame analysis. Figure 4 shows a screenshot of this image-analysis software. Other necessary data required 
for running the HCS+ software program, such as supplemental turning movement counts, and physical approach 
measurements, such as lane width, were collected during the data collection period.  
To do this study, researchers decided to use only the videos from the Transportation Lab because queues on 
University Avenue grew beyond the viewing frames of the monitor in the data collection trailer. Four 15-minute 
videos (Videos 1, 2, 3, and 4) for the northbound and southbound approaches were analyzed; and for each video, the 
northbound and southbound approaches on Main Street were analyzed separately. Video 1 was from 11:00 AM to 
11:15 AM, Video 2 was from 11:15 AM to 11:30 AM, Video 3 was from 11:30 AM to 11:45 AM, and Video 4 was 
from 12: 15 PM to 12:30 PM. These videos were chosen because the entire lengths of the queues for the Main Street 
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approaches were always visible during those periods. Count intervals of 20 seconds were used because that was 
approximately the integral divisor of the cycle length of the studied intersection, which had an actuated signal 
control.  
Figure 3.  Quad display of intersection. Figure 4.  DelayAnnotator screen shot. 
5. Comparison of delays determined by the methods used in the study 
This section presents results of comparing delays estimated by the IQA and HCM 2000 methods. Delays 
estimated by the IQA model and the HCM 2000 model are compared first, followed by a comparison of days 
estimated by the IQA model and the IQA field delay estimation procedure. These comparisons are made lane by 
lane. The third comparison describes the differences in uniform and control delays for the approach total obtained by 
both the IQA and the HCM 2000 methods.  
5.1. Comparison of IQA model and HCM2000 model 
The results for the two models for all four videos are illustrated in Table 3. By comparing the two models lane by 
lane, no specific general pattern was observed. The delays by the IQA model were both lower and higher at various 
instances than the delays by the HCM 2000 model.  For all four videos, the IQA model appeared to show lower 
uniform delays for most left-turn movements and through movements, and higher delays for most right-turn 
movements than the HCM 2000 model did. Even though the two models gave different results, the results were not 
tremendously different. It appears that, in general, the results from the two models are close to each other; however, 
in the lane-by-lane analysis, it was hard to conclude whether one model was more accurate than the other one 
because the two models are based on different concepts. 
5.2. Comparison of IQA model and IQA field procedure 
Table 4 contains delays by both the IQA model and the IQA field procedure for the four videos. The IQA model 
and the IQA field procedures represent two different kinds of delay. As previously mentioned, the IQA model yields 
only uniform delays. On the other hand, the IQA field gives the sum of both uniform delay and incremental delay. In 
other words, the IQA field yields control delays. Comparison was done between the two to find out if techniques 
used were accurate, and if the results acquired from the two methods were logical. By considering the four videos, it 
can be observed that while some of the results might be illogical, the results of the IQA field and the IQA model 
were primarily logical, that is delays estimated by the IQA field are larger than delays estimated by the IQA model. 
However, some results were not logical since, for those results, the IQA field results representing control delay 
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(uniform delay + random arrival delay) were lower than IQA model results representing just uniform delay.  
Illogical delay values are indicated with an asterisk in Table 4. 
Table 3. Average delay per lane by IQA model and HCM 2000 model

Main Street

Movement 
Uniform Delay, d1 (sec/veh) 
IQA Model HCM 2000 Model 
(a) Video 1 (11:00 AM – 11:15 AM)
Northbound LT 45.8 55.8 
Northbound TH 33.3 44.2 
Northbound RT 34.9 30 
Southbound LT 51.5 53.4 
Southbound TH 43.3 43.5 
Southbound RT 42.5 30.7 
(b) Video 2 (11:15 AM – 11:30 AM)
Northbound LT 42.3 55.5 
Northbound TH 29.4 44 
Northbound RT 27.1 30.1 
Southbound LT 46.4 54 
Southbound TH 36.7 43.8 
Southbound RT 38.4 31.6 
(c) Video 3 (11:30 AM – 11:45 AM)
Northbound LT 41.5 55.1 
Northbound TH 39.7 45.4 
Northbound RT 37.7 30.7 
Southbound LT 44.7 54.2 
Southbound TH 38.5 43.6 
Southbound RT 39.5 31.3 
(d) Video 4 (12:15 PM – 12:30 PM)
Northbound LT 39.4 55 
Northbound TH 28.9 45.2 
Northbound RT 32.8 30.7 
Southbound LT 46 53.7 
Southbound TH 30.2 45.2 
Southbound RT 31.2 31.6 
Illogical results were found for all right-turn movements from the four videos and for some left-turn movements 
of the four videos. Through-movements yielded reasonable delays for the two methods, and the IQA field delays 
were always higher than the IQA model delays for the through-movements. Accordingly, there appears to be some 
issues with either the IQA model or the IQA field for right-turn and possibly for left-turn movements. From field 
observation, right-turn vehicles occasionally queued up, but not often. Those vehicles easily found gaps in the traffic 
that allowed them to turn right when the traffic light was red. Therefore, right-turn vehicles experienced shorter 
delays than vehicles for the other types of movement.  Since the IQA field tracks individual vehicles, it is assumed 
to be the most accurate among all the methods used in this study. However, further research is recommended to 
improve the IQA model and the IQA field for right turns and probably for left turns as well. This discrepancy may 
be understandable in a way because vehicles turning right, for the most part, behave differently than vehicles 
performing other movements. Due to time constraints and because there was no specific way to reflect right-turns-
on-red (RTOR) in the model, RTOR were not factored into the calculation of the IQA model. However, the IQA 
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field, by tracking individual vehicles, does reflect RTOR. Moreover, errors may be introduced because a saturation 
flow rate of 1800 vph per lane was used for all cases. Because the number of vehicles in the queue was relatively 
small, it was difficult to estimate saturation flow rate from the field data. It was, therefore, concluded that IQA 
model should be further evaluated for turning movements.  
Table 4. Average delay per lane by IQA model and IQA field 
Main Street

Movement 
IQA Delay, (sec/veh) 
IQA Model IQA Field 
(a) Video 1 (11:00 AM – 11:15 AM)
Northbound LT 45.8 *44.9 
Northbound TH 33.3 37.3 
Northbound RT 34.9 *17.5 
Southbound LT 51.5 71.2 
Southbound TH 43.3 46.6 
Southbound RT 42.5 *18.5 
(b) Video 2 (11:15 AM – 11:30 AM)
Northbound LT 42.3 60.7 
Northbound TH 29.4 39.8 
Northbound RT 27.1 *19.6 
Southbound LT 46.4 54.2 
Southbound TH 36.7 52.3 
Southbound RT 38.4 *16.8 
(c) Video 3 (11:30 AM – 11:45 AM)
Northbound LT 41.5 54.3 
Northbound TH 39.7 46 
Northbound RT 37.7 *19 
Southbound LT 44.7 42.5 
Southbound TH 38.5 50.8 
Southbound RT 39.5 *15 
(d) Video 4 (12:15 PM – 12:30 PM)
Northbound LT 39.4 39.4 
Northbound TH 28.9 51.7 
Northbound RT 32.8 *25.5 
Southbound LT 46 62.7 
Southbound TH 30.2 31.5 
Southbound RT 31.2 *24.6 
5.3. Results of Approach-Level comparisons 
For an aggregate comparison, the two approaches (northbound and southbound) were compared for all methods 
using all four videos. Table 5 shows the results of the different methods for northbound and southbound for the four 
videos. The percentage differences between delays by the HCM 2000 and the IQA methods are also presented in 
Table 5. In this table, the IQA method results were considered as the basis for comparison of the other conclusions. 
To compare uniform delays, the IQA model was compared with the HCM model. In general, the IQA model showed 
lower average delays than did the HCM 2000 model. The only exception to that trend is the southbound lane in 
Video 1, where the IQA model yielded higher average delays than the HCM model. Considering that the IQA model 
is, in general theoretically more accurate than the HCM 2000 model, and by taking the IQA model as the basis for 
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comparison, the percentage differs from between about 5 and 40 percent for the HCM 2000 model results and the 
IQA model results.  
Table 5. Average approach delay
                        
Main Street 
Uniform Delay, d1 (sec/veh) Control Delay, d1+d2, (sec/veh) 
IQA 
Model 
HCM 
2000 
Model 
Percent 
Difference 
Between
HCM2000 
Model and 
IQA Model 
Based on 
IQA Model 
IQA 
Field
HCM 
2000 
Model 
HCM
2000 
Field
Percent 
Difference 
Between
HCM2000 
Model and 
IQA Field 
Based on 
IQA Field 
Percent 
Difference 
Between
HCM2000 
Field and 
IQA Field 
Based on 
IQA Field 
(a) Video 1 (11:00 AM – 11:15 AM)
Northbound 40.0 50.9 +27.1 37.1 52.2 33.6 +40.8 -9.4 
Southbound 45.6 43.4 -4.8 45.5 43.7 43.7 -4.0 -4.0 
(b) Video 2 (11:15 AM – 11:30 AM)
Northbound 35.8 50.0 +39.7 47.1 51.0 33.5 +8.2 -28.9 
Southbound 40.4 43.1 +6.8 39.5 43.4 30.5 +9.9 -22.7 
(c) Video 3 (11:30 AM – 11:45 AM)
Northbound 39.8 47.7 +19.7 41.9 48.4 36.5 +15.6 -12.8 
Southbound 41.2 44.4 +7.8 36.9 44.7 28.3 +21.1 -23.4 
(d) Video 4 (12:15 PM – 12:30 PM)
Northbound 34.2 47.6 +39.2 40.1 48.2 30.0 +20.3 -25.1 
Southbound 34.4 43.2 +25.7 36.8 43.6 30.7 +18.4 -16.5 
In comparing average control delays using all four videos, the IQA field generally showed shorter delays than did 
the HCM 2000 model; furthermore, the HCM 2000 field yielded even shorter delays than did both the IQA field and 
the HCM 2000 model.  The one exception to the trend was the same southbound lane in Video 1 that was an 
exception in the uniform delay analysis. It was therefore concluded that the IQA model and the IQA field calculate 
shorter delays than does the HCM 2000 model, and that the HCM 2000 field calculates even lower delays than do 
the IQA field and the HCM 2000 model. By assuming that the IQA field is the most accurate method for estimating 
control delays—because it tracks the movement of individual vehicles—and by taking the IQA field as the basis for 
comparison, the percentage differences in delay between the HCM 2000 model and the IQA field were between 4 
and 41 percent, and the percentage differences in delay between the HCM 2000 field and the IQA field were 
between 4 and 29 percent.   
It was concluded that the HCM 2000 model overestimates delays, and the HCM 2000 field method 
underestimates delays. This conclusion can be drawn because the IQA field delays are considered as ground-truth 
delays. Overall, it was found that the IQA field and the IQA model yield more accurate delay calculations than do 
HCM 2000 model and the HCM 2000 field. Nevertheless, it is true that the HCM 2000 delay estimation procedures 
offer good estimates of average delays. The results for both methods are not significantly different. 
6. Conclusions and recommendations 
Providing smooth traffic flow and facilitating efficient movement of people and goods are the ultimate goals of 
traffic engineers. Therefore, improving methods for estimating delays at an intersection is the focus of much 
research done in the field of traffic engineering because determining accurate delay times allows traffic engineers to 
improve the performance of an intersection if the need exists.  
The IQA method is a new method for estimating delays that is scheduled to be part of the HCM 2010. This new 
method includes two procedures: the model procedure and the field measurement procedure. Both IQA model and 
field procedures are implemented cycle by cycle. However, the IQA model is conceptually different from the IQA 
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field in that it requires various traffic and signal timing data to calculate the delay times, while the IQA field tracks 
individual vehicles passing through the study lane or approach one by one. This paper presented background 
information for estimating delays at a signalized intersection, criteria behind the choice of the study site, the remote 
data collection used in the study, analysis results, and discussions about the study conclusions. 
6.1. Conclusions 
The IQA method was evaluated in this study. Four 15-minute videos were used to analyze the approaches to 
Main Street from the intersection of University Parkway and Main Street in Orem, Utah, using both the IQA model 
and field analysis procedures, and the current HCM 2000 model and field analysis procedures. The IQA procedures 
tended to yield more accurate results than the HCM 2000 procedures. Such conclusion resulted because the IQA 
field calculates microscopic delay by tracking individual vehicles, which are considered as ground-truth delays. The 
IQA model and field yielded the same conclusion when compared separately with the HCM 2000 mode and field. 
However, further research is needed to improve the IQA model for turning movements, especially right-turn 
movements.  
The IQA model and field can be more accurate than the HCM 2000 model and field but involve more time for 
data collection and more work for the analysis than the HCM 2000 procedures. The IQA method, just like the HCM 
2000 method, calculates delay times that reflect the length of delays that exist during data collection periods only, 
and are therefore only applicable for that period. When this study was done, the new Highway Capacity Software 
was not yet available; hence, delay calculation took significant amount of time. This, however, may improve once 
the software becomes available. Nevertheless, the task of data collection for the IQA procedures remains to be 
intensive. If manpower and fund are limited, the HCM 2000 procedures may be used because the differences in 
delays calculated by the two methods can be relatively small.   
6.2. Recommendations 
It is recommend that more cases be evaluated using the IQA method to fully understand the capabilities and 
resource requirements of these methods including special cases such as protected-permitted signal timing, right-turn-
on-red, and near capacity cases. For those studies, comparison between the IQA model and the IQA field should be 
done in order to evaluate if delays estimated from these methods are logical; if not, the source of the problem needs 
to be identified. It is also recommended to evaluate the impact of different saturation flow rates (right-turn lane, 
through lane, and left-turn lane) and arrival types on delays determined by the IQA model. 
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